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Therapeutic Agent 

Proteins in the blood plasma, in the extracellular matrix of the tissues, and in cells are 
essential for all vital physiological functions. However, many different proteins also 
contribute to disease. The underlying pathogenetic mechanisms include overproduction of 
normal proteins with corresponding excessive effects, the production of abnormal proteins 
with damaging effects, and the incidental subversion of normal protein function leading to 
damaging effects during intercurrent pathological processes, such as inflammation and 
microbial infection. There is therefore a need for elimination of a variety of normal or 
abnormal proteins from the body to provide treatment for many human diseases. Plasma 
proteins that contribute to pathogenesis of disease include cytokines, lipoproteins, 
autoantibodies, components of the complement and coagulation pathways, amyloidogenic 
proteins including monoclonal immunoglobulin light chains, transthyretin, lysozyme and 
|32-microglobulin, acute phase proteins in particular serum amyloid A protein (SAA), and 
pentraxins such as serum amyloid P component (SAP). All these different proteins, 
produced by different cells, are potentially attractive targets for therapeutic elimination in 
various diseases. However, there are few effective methods for selectively lowering the 
circulating concentration of specific proteins and those approaches that are available, or 
have been attempted, are complex, difficult and subject to many extremely challenging 
problems. 

Cytokines are protein hormones produced by and acting on a variety of different cell types, 
and are critically important mediators of host defence, immunological and inflammatory 
responses, but their overproduction in some diseases contributes to serious pathology, 
morbidity and mortality. Antibodies and recombinant binding proteins have lately been 
used successfully for targeting one particular cytokine, tumor necrosis factor (TNF), and 
TNF blockade is therapeutically beneficial in rheumatoid arthritis and Crohn's disease, but 
there are few effective methods for reducing damaging high levels of other cytokines. 
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Pathogenic overproduction of other normal proteins, such as acute phase plasma proteins, 
can be reduced by suppressing the activity of an underlying primary disease, but, except in 
the case of treatable chronic infection, this is usually extremely difficult to achieve. There 
is no cure for chronic idiopathic inflammatory diseases, such as rheumatoid arthritis or 
Crohn's disease, or for most malignant neoplasms. Treatment of these diseases and 
suppression of their activity require regimens including highly toxic anti-inflammatory, 
cytotoxic and immunosuppressive drugs, and frequently also surgery and/or radiotherapy. 

Production of abnormal proteins, whether inherited or acquired as a complication of 
another primary disease, is also extremely difficult to control. For example, the variant 
transthyretin and variant fibrinogen molecules responsible for forms of hereditary systemic 
amyloidosis, can be eliminated from the plasma only by liver transplantation. No such 
approach is possible with many other hereditary diseases caused by pathogenic variant 
proteins. Acquired production of abnormal and pathogenic proteins, as in monoclonal 
gammopathies, can be treated only with powerful cytotoxic drugs or bone marrow 
transplantation. These procedures incur universal morbidity, and even mortality rates of up 
50%, without being uniformly successful. 

Another approach has been to remove damaging proteins by extracorporeal absorption, 
passing blood over more or less selective solid phase media to remove the target protein. 
This can make a useful contribution to removal of the high concentrations of 
pro-atherogenic low density lipoprotein in familial hypercholesterolaemia. It has also been 
attempted, so far unsuccessfully, for removal of two different amyloidogenic proteins: 
(32-microglobulin in patients on chronic haemodialysis for end stage renal failure, and 
variant transthyretin in patients with familial amyloid polyneuropathy. 

In cases where particular proteins produce their pathogenic effects by binding to specific 
ligand structures in vivo, a possible approach to therapy is the development of drugs to 
inhibit such binding. For example, the present inventor has proposed such an approach to 
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the treatment of amyloidosis and Alzheimer's disease, targeting the pathogenic binding of 
serum amyloid P component to amyloid fibrils by administration of low molecular weight 
molecules that block such binding (1-5) US 6,126,918). The specific binding of SAP to 
particular ligands containing anionic groups, including carboxylates and phosphates is 
known (6-10). In the complex of SAP with deoxyadenosine monophosphate (dAMP), there 
is a dAMP molecule in the calcium-dependent binding site of each protomer in the 
homopentameric SAP molecule (10). As a result of base stacking, dependent on hydrogen 
bonding between pairs of dAMP molecules, pairs of SAP pentamers loaded with dAMP 
assemble face to face to form a decameric protein-ligand complex (10). 

The known low molecular weight ligands of SAP, such as phosphoethanolamine and 
methyl 4,6-0-(l-carboxyethylidene)-|3-D-galactopyranoside (MOpDG), are only bound 
with modest affinity of about millimolar. This is poor compared to the typical nanomolar 
affinities of most drug-protein interactions, and suggests that such compounds would be 
unlikely to be effective as inhibitors of the pathogenic binding of SAP to its ligands in vivo. 
There remains a need to provide an effective method for the targeted depletion of an 
unwanted plasma protein population. 

Accordingly, in a first aspect, the present invention provides an agent for the depletion of 
an unwanted protein population from the plasma of a subject, which agent comprises a 
plurality of ligands covalently co-linked so as to form a complex with a plurality of the 
proteins in the presence thereof, wherein at least two of the ligands are the same or different 
and are capable of being bound by ligand binding sites present on the proteins, wherein the 
agent is a non-proteinaceous agent. Agents disclosed in EP-A-0915088 do not form part of 
this aspect of the invention. EP-A-0915088 discloses D-prolines of the formula 
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the group ; 

R' is hydrogen or halogen; 

X is- (CH2)n-; -CH(R')(CH2)n-; -CH20(CH2)n-; -CH2NH-; 

benzyl, -C(R^)=CH-; -CHzCHCOH)-; or thiazol-2,5-diyl; 
Y is -S-S-; -(CH2)n-; -0-; -NH-; -N(R^)-; -CH=CH-; - 

NHC(0)NH-;- 

N(R')C(0)N(R')-; -N[CH2C6H3(0CH3)2]-; -NCCHsCeHj)-; 
-N(CH2C6H5)C(0)N(CH2C6H5)-;-N(alkoxyalkyl)-; 

N(cycloalkyl-methyl)-; 2,6-pyridyl; 2,5-furanyl; 2,5-thienyl; 1,2-cyclohexyl; 1,3- 
cyclohexyl; 1,4-cyclohexyl; 1,2-naphthyl; 1,4-naphthyl; 1,5-naphthyl; 1,6-naphthyl; 
biphenylen; or l,2-phenylen,l,3-phenylen and 1 ,4-phenylen, wherein the phenylen 
groups are optionally substituted by 1 - 4 substituents, selected from halogen, lower 
alky], lower alkoxy, hydroxy, carboxy, -COO-lower alkyl, nitrilo, 5-tetrazol, (2- 
carboxylic acid pyrrolidin-l-yl)-2-oxo-ethoxy, N- 
hydroxycarbamimidoyl, 5-oxo[l,2,4]oxadiazolyl, 2-oxo- 



[l,2,3,5]oxathiadiazoIyl, 5-thioxo[l,2,4]oxadiazolyl and 5-tert-butylsulfanyl- 

[],2,4]oxadiazolyl; 
X' is -(CH2)n-; -(CH2)nCH(R2)-; -(CH2)nOCH2S -NHCH2-; 

benzyl, -CH=C(R^)-; -CH(0H)CH2; or thiazoI-2,5-diyl; 

is lower alkyl, lower alkoxy or benzyl and 
n is 0-3, 

and pharmaceutically acceptable salts or mono- or diesters thereof. 

Surprisingly, it has been found that agents according to the present invention are 
dramatically potent in vivo in not only inhibiting ligand binding but also depleting the target 
protein from the circulation by causing it to be rapidly cleared. The present invention 
provides a generic method for identification and/or creation of drug molecules that are 
specifically bound by individual target proteins and then engage the normal, exquisitely 
sensitive, capacity of the body to recognise and destroy autologous proteins that have 
undergone changes in conformation or assembly. 

Accordingly, there is provided use of a non-proteinaceous agent for the preparation of a 
composition for the depletion of an unwanted protein population from the plasma of a 
subject, which agent comprises a plurality of ligands covalently co-linked so as to form a 
complex with a plurality of the proteins in the presence thereof, wherein at least two of the 
ligands are the same or different and are capable of being bound by ligand binding sites 
present on the proteins. 

The normal physiological role of each protein depends critically on its appropriate 
molecular conformation and/or assembly, and the body has powerful mechanisms to detect 
and destroy proteins that are damaged, aggregated or misfolded. The purpose of the present 
invention is to specifically target individual proteins and cause them to be identified by the 
body's own physiological mechanisms as requiring prompt clearance and destruction. In 
order to achieve this effect the invention advantageously uses palindromic agents that 
aggregate the proteins as dimers or higher order aggregates. 
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The exact structure of the agent of the present invention will be dependent upon the protein 
or proteins of the unwanted protein population targeted according to the invention. In a 
preferred embodiment, the unwanted population consists essentially of a single protein 
species which will bear one or, in some cases, more than one ligand binding site. Many 
proteins are specifically equipped, as part of their normal function, to bind particular low 
molecular weight ligands. In the simple case where the single protein species has a single 
ligand binding site, each ligand in the therapeutic agent would be selected to be capable of 
being bound in that ligand binding site. The ligand could be selected from the ligands 
known to be bound by that binding site, ligands predicted to be bound by that site perhaps 
on the basis of structural information available on the binding site such as X-ray 
crystal lographic information, or structural analogues thereof. For target proteins without 
known low molecular weight ligands, suitable compounds can be identified by high 
throughput screening of chemical libraries and/or structure based molecular design. The 
affinity of each individual ligand-protein binding site interaction does not need to be 
particularly high provided that the ligand is specific for each target protein. It is possible 
that a dissociation constant of up to 10 millimolar would suffice. However, it is preferred 
that the dissociation constant is no more than 1 millimolar, more preferably less than 100 
micromolar, most preferably less than 10 micromolar. The affinity is preferably about 
micromolar or higher. Micromolar affinity has been found to be sufficient in the case of 
SAP, although the highest possible affinity is clearly desirable. 

In the agents of the present invention, although the ligands may be directly linked together 
by a covalent bond, the ligands are preferably covalently co-linked by a linker. This 
enables the ligands to be sufficiently spatially separated whereby a plurality of target 
proteins may be bound to the agent without one protein hindering the binding of the other 
protein or proteins. The exact structure of the linker is not critical although it is typically 
preferred not to include reactive groups. The linker may comprise a linear or branched 
hydrocarbylene which may have one or more of its carbon atoms optionally substituted by a 



heteroatom. The linker may have a chain length in the range 2 to 20 atoms. Useful chain 
length and chemical composition may be determined empirically depending on the proteins 
with which the agent is to be complexed. Where the agent has two ligands, the linker is 
typically linear; a preferred general structure is ligand-linker-ligand. This is conveniently 
denoted a "palindrome" for the purposes of the present application. Although other 
structures involving three, four or more ligands with an appropriate branched chain linker 
are also contemplated where three, four or more target proteins could form a complex. 

In a further embodiment, at least two of the ligands in the agent are different from one 
another and are capable of binding different proteins. In this embodiment, the unwanted 
protein population consists essentially of two protein species or more. In this way, two 
different types of protein can be targeted for depletion. It is possible to use a protein known 
to be rapidly depleted, such as SAP, to enhance the clearance of another target protein by 
designing the agent with one ligand capable of being bound by SAP and having a second 
different ligand for targeting the different target protein for clearance with the SAP. 

The target protein may be a normal molecule or an abnormal, variant, molecule. The ligand 
binding site of the agent according to the invention may be from a cytokine, a lipoprotein, 
an autoantibody, an acute phase protein, an amyloidogenic protein or a component of the 
complement or coagulation pathway. Where the ligand binding site is fi-om an acute phase 
protein, this may comprise SAA. 

Where the ligand binding site is from an amyloidogenic protein, this may comprise a 
monoclonal immunoglobulin light chain, Pi-microglobulin, transthyretin or lysozyme. 

Where the ligand binding site is from lysozyme, at least one of the ligands comprises a 
disaccharide or oligosaccharide analogue containing at least N-acetyl muramic acid linked 
via its CI atom to the C4 atom of, for example, N-acetyl glucosamine, with the O atom of 
the 1,4 p glycosidic linkage replaced by a carbon or other non-0 atom. 



8 

In the case of SAP, one class of agents comprises the D-prolines of formula set out above, 
preferably (R)- 1 -[6-(R)-2-Carboxy-pyrrolidin- 1 -yl]-6-oxo-hexanoyl] pyrrolidine-2- 
carboxylic acid or a pharmaceutically acceptable salt or mono- or diester thereof 

The agent may be used to deplete unwanted protein populations from the plasma of human 
or animal subjects. At appropriate molar ratios of agent to target protein, the agent cross 
links pairs of protein molecules to produce complexes that are recognised in the body as 
abnormal and are then promptly cleared and catabolised. This leads to substantial or 
complete depletion of the target protein and confers therapeutic benefit. 

Pharmaceutical compositions may be formulated comprising an agent according to the 
present invention optionally incorporating a pharmaceutically-acceptable excipient, diluent 
or carrier. The pharmaceutical compositions may be in the form of a prodrug comprising 
the agent or a derivative thereof which becomes active only when metabolised by the 
recipient. The exact nature and quantities of the components of such pharmaceutical 
compositions may be determined empirically and will depend in part upon the route of 
administration of the composition. Routes of administration to recipients include oral, 
buccal, sublingual, by inhalation, topical (including ophthalmic), rectal, vaginal, nasal and 
parenteral (including intravenous, intra-arterial, intra-muscular, subcutaneous and intra- 
articular) For convenience of use, dosages according to the present invention are preferably 
administered orally but this will depend on the actual drug and its bioavailability. A typical 
dosage will be 50 to 500 mg per day orally or by continuous intravenous infusion, or 
intermittent subcutaneous injection, for example of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l- 
yI]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid. 

The present invention will now be described in further details by way of example only, with 
reference to the following Examples and to the accompanying drawings, in which: 
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Figure I shows the three dimensional X-ray crystal structure of SAP complexed with an 
agent of the present invention; 

Figure 2A shows a detailed view from Figure 1 and Figure 2B shows a detailed alternative 
representation of part of Figure 1; 

Figure 3 shows the effect of an agent of the present invention on SAP in mice in vivo; 
Figure 4 shows the effect of infusion of an agent of the invention on plasma SAP values in 
patients with systemic amyloidosis; 

Figure 5 shows the effect of the agent over six hours using '^^1-SAP scintigraphy; 
Figure 6 shows the effect of the agent up to 48 hours using '^^I-SAP scintigraphy; 
Figure 7 shows the plasma concentration of the agent and its effect on SAP during 
intravenous infusion; and 

Figure 8 shows the effect of subcutaneous injection of the agent in patients with systemic 
amyloidosis. 

EXAMPLES 

SERUM AMYLOID P COMPONENT AND (R)-l-[6-(R)-2-CARBOXY- 

PYRROLIDIN-l-YL]-6-OXO-HEXANOYL]PYRROLIDINE-2-CARBOXYLIC 

ACID 

A method for screening and testing inhibitors of serum amyloid P component (SAP) 
binding to amyloid fibrils in vitro was devised and used in collaboration with 
F Hoffmann-La Roche Ltd to identify a suitable lead molecule for drug development. A 
library of candidate compounds was screened accordingly. The subsequent collaborative 
medicinal chemistry programme led to synthesis of a family of dicarboxylic acid, 
pyrrolidone ring containing molecules, of which the most studied is (R)-l-[6-(R)-2- 
Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid. This molecule 
and related compounds (EP-A-09 15088) are modestly potent inhibitors of SAP binding to 
amyloid fibrils in vitro, with IC50 values around 0.5-1.0 )aM. However they are all more 
potent inhibitors than the original lead compound, which was 1 -(3 -Mercapto-2 -methyl- 1- 
oxopropyl)-D-proIine, containing just a single D-proline ring and carboxylate. 
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SAP is a pentamer with 5 identical non-covalently associated protomers each bearing a 
single calcium dependent ligand binding site on one planar face, the binding (B) face, of the 
molecule (9). In the absence of calcium, human SAP forms stable decameric dimers, 
probably via A-face to A-face interactions (1 1). In the presence of calcium, isolated human 
SAP rapidly aggregates and precipitates, as a result of molecular lattice formation due to 
binding of the exposed carboxylate of the Glul67 residue on one SAP molecule by the 
calcium dependent ligand binding site of another SAP molecule (12,13). This 
autoaggregation of SAP is inhibited by other ligands to which SAP binds, and all the 
present inhibitors of SAP binding to amyloid fibrils were active in this respect. However 
we show here that the greater potency of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid and related compounds, as inhibitors of SAP 
binding to amyloid fibrils in vitro, results from their capacity to cross link pairs of SAP 
molecules. The palindromic structure of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid enables it to not only block the ligand binding sites 
on individual SAP protomers, but could also cross link pairs of pentameric SAP molecules 
to form B-B face to face decameric dimers. Gel filtration analysis of mixtures of isolated 
SAP with (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2- 
carboxylic acid, at ratios between equimolar and 100 fold molar excess of drug (molecular 
weight 340 Da) to SAP protomers (25,462 Da), show that all the SAP is decameric 
(Table 1). However at 128 fold or greater molar excess of drug, all the SAP elutes in a 
volume corresponding to its single pentameric form, because each binding site is then 
occupied by a different individual (R)-l-[6-(R)-2-Carboxy-pyrroIidin-l-yI]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid molecule, preventing cross linking and 
dimerisation. 
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Table 1. Molecular assembly of isolated pure SAP in the presence of (R)-l-[6-(R)-2- 
Carboxy-pyrroIidin-l-yl]-6-oxo-hexanoyI]pyrrolidine-2-carboxylic acid in vitro 



Drug.-protein 
molar ratio 


Calcium 
present 


Protein 


Elution 
volume (ml) 


Molecular 
assembly 


No drug 


- 


CRP 


12.28 


Pentamer 


No drug 


+ 


CRP 


12.81 


Pentamer 


1:1 


+ 


CRP 


12.58 


Pentamer 


10:1 


+ 


CRP 


11.96 


Pentamer 












No drug 




SAP 


10.93 


Decamer 


1:1 


+ 


SAP 


10.97 


Decamer 


10:1 


+ 


SAP 


10.97 


Decamer 


128:1 


+ 


SAP 


12.55 


Pentamer j 



C-reactive protein (CRP) is a pentraxin closely related to SAP. Samples of isolated pure 
human SAP or CRP were mixed with (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid at the molar ratios shown, with respect to pentraxin 
protomer, in physiological ionic strength Tris buffered saline pH 8.0, and analysed by size 
exclusion chromatography precisely as described previously (14). The mixtures and the 
column eluants contained either no calcium ions or 2 mM calcium, and the concentrations 
of drug appropriate to maintain the molar ratios indicated above. In the absence of a 
specific ligand to which it can bind, purified human SAP is insoluble in the presence of 
calcium and elutes as high molecular weight aggregates in the void volume of the column 
(14). However in the absence of calcium and ligand, isolated SAP alone forms stable 
decamers, providing an excellent marker for the elution volume of this molecular assembly 
(14). Human CRP is a stable pentamer either in the presence or absence of calcium and 
thus provides a robust marker for the elution position of that molecular form (14). 
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The molecular model of two native pentameric SAP molecules cross linked by binding 
between them of the palindromic (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid molecule, is confirmed by the three dimensional 
X-ray crystal structure of the complex of SAP with the drug in the presence of calcium, as 
shown in representative views below (Figs. 1 & 2). These findings are consistent with the 
published observations on the SAP-dAMP complex (10) and the chromatographic analysis 
(Table 1). 

Experimental studies of (R)-l-[6-(R)-2-Carboxy-pyrroIidin-l-yI]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxyIic acid in vivo 

In vivo studies of l-(3-]V[ercapto-2-methyl-l-oxopropyl)-D-proline, the original lead 
compound, show that it both inhibits binding of SAP to experimentally induced amyloid 
deposits in mice and dissociates SAP that is already bound in the deposits. Studies with 
(R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid 
confirmed that it is more active in these respects than l-(3-Mercapto-2 -methyl- 1- 
oxopropyl)-D-proline. The potency of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoy]]pyrrolidine-2-carboxylic acid in vivo was initially considered to be consistent 
with its lower IC50 value in vitro. However the decameric assembly of pentameric SAP 
molecules, induced by the cross linking capacity of the palindromic drug, is an abnormal 
molecular configuration which, according to the present invention, will be recognised 
in vivo and promptly cleared fi-om the circulation. This action of the drug, leading to 
massive depletion of SAP from the plasma, makes a critical contribution to removal of SAP 
from the amyloid deposits because the SAP in amyloid is derived from, and in equilibrium 
with, the plasma SAP pool. 

(R)- l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid was 
not metabolised in mice and was very rapidly excreted, predominantly in the urine, with a 
small amount in the bile. However, even intermittent intraperitoneal or subcutaneous 
injection of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2- 
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carboxylic acid inhibited uptake of radiolabelled human SAP tracer into experimentally 
induced mouse AA amyloid deposits. When (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6- 
oxo-hexanoyl]pyrrolidine-2-carboxylic acid was administered by continuous infusion for 5 
days via an indwelling osmotic pump, it dissociated both radiolabelled human SAP tracer, 
with which the amyloid deposits had previously been loaded, and all the endogenous mouse 
SAP in the deposits (Fig. 3). Even 50 ^g/kg/day of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l- 
yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid significantly dissociated human SAP 
from the deposits (not shown), but 1.5 mg/kg/day was required to dissociate any 
endogenous mouse SAP significantly, and there was a clear dose response effect up to 
15 mg/kg/day, which removed all the mouse SAP (Fig. 3). A single intraperitoneal 
injection of 5 mg of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine- ■ 
2-carboxylic acid accelerated the plasma clearance of radiolabelled human SAP tracer in 
normal mice, but had no significant effect on the clearance of radiolabelled mouse SAP 
(Fig. 3). However, when either radiolabelled mouse or human SAP was preincubated with 
(R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2 -carboxylic acid 
in vitro, before intravenous injection into normal mice, both tracers were extremely rapidly 
cleared (Fig. 3). The SAP-(R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 

hexanoyl]pyrrolidine-2-carboxylic acid complex is evidently recognised as abnormal 
in vivo and swiftly removed from the circulation, but is apparently formed and/or cleared 
less efficiently in vivo with mouse SAP compared to human SAP. Remarkably, despite 
very limited oral bioavailability, administration of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l- 
yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid in the drinking water to human SAP 
transgenic mice, which have mean plasma values of about 80 mg/1 of human SAP, rapidly 
depleted their circulating human SAP (Fig. 3). The human SAP transgenic animals do not 
have any circulating mouse SAP, but neither oral administration, nor intermittent injection 
or continuous infusion, of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2 -carboxylic acid to normal wild type mice, caused depletion of their 
circulating SAP. 
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Clinical studies of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 

hexanoyI]pyrrolidine-2-carboxylic acid in human amyloidosis 

(R)- 1 -[6-(R)-2-Carboxy-pyrrolidin-l -yI]-6-oxo-hexanoyl]pyiTolidine-2-carboxylic acid was 
administered for 48 h by intravenous infusion to 8 patients with systemic amyloidosis (7 
with AL and one with AA type), one patient with minor localised AL amyloidosis, and one 
who is a carrier of the amyloidogenic A]a60 transthyretin variant but has no clinical 
amyloidosis. There was dramatic, rapid, and consistent depletion of circulating SAP in all 
subjects. In initial studies with slow continuous infusion, the SAP concentration started to 
fall when about 2 mg of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid had been given, and in subsequent studies this 
amount was therefore injected as a bolus at the outset, followed by infusion at the rates 
shown (Fig. 4). At an infusion rate of 0.1 mg/kg/day, SAP depletion was slower and less 
complete, but at 0.25 mg/kg/day and all higher rates up to a maximum of 6 mg/kg/day, SAP 
was almost completely cleared from the plasma by the end of the infusion, regardless of the 
amyloid load (Fig. 4). However, after drug infusion had ceased, the plasma SAP 
concentration rapidly returned to normal in the individuals with little or no amyloid, 
whereas this recovery was markedly delayed in subjects with significant amyloidosis. In 
the one patient with a very heavy amyloid load, the plasma SAP concentration remained 
below 25% of its initial value 20 days after the infusion. Most of the daily production of 
SAP, which is about 50-100 mg per day (15), was evidently distributing into the amyloid 
deposits before becoming available to replete the plasma pool. This is very strong indirect 
evidence that even such a brief infusion of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid had substantially depleted the amyloid-associated 
SAP. 

Direct evidence for depletion of SAP from amyloid in the organs and for the mechanism of 
action of (R)- 1 -[6-(R)-2-Carboxy-pyrrolidin-l -yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic 
acid was obtained by quantitative whole body scintigraphy using '^^I-SAP as a tracer. Each 
patient received a standard dose of '^^I-SAP 24 h before the (R)-l-[6-(R)-2-Carboxy- 
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pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrro]idine-2-carboxylic acid infusion started and was 
scanned immediately before treatment to provide a baseline image and values for 
localisation of tracer to the amyloid deposits. They were then scanned at intervals 
thereafter, up to the end of the 48 h infusion. (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6- 
oxo-hexanoyl]pyrrolidine-2-carboxylic acid caused dramatic clearance of tracer from the 
plasma, exactly paralleling both in the scintigraphic images and in counting of blood 
samples, the SAP depletion monitored by immunoassay of the serum. By 6 h after starting 
treatment, and persisting thereafter, the blood pool signal virtually disappeared (Figs. 5, 6), 
and there was striking accumulation of tracer in the liver, identifying this organ as the site 
to which (R)-l -[6-(R)-2-Carboxy -pyrroH din- l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic 
acid caused clearance of the circulating SAP. At the same time there was a marked 
decrease in the retention of tracer in amyloid deposits elsewhere, exemplified by the spleen 
and kidneys, in contrast to the usual situation in control untreated amyloidosis patients 
(Table 2; Fig. 6). 

Table 2 (R)-l-[6-(R)-2-Carboxy-pyrroIidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2- 
carboxylic acid rapidly clears circulating SAP to the liver and depletes SAP from 
visceral amyloid deposits 





'^^I-SAP retention [mean (SD) %] 




Liver 




Spleen 




Treatment 


Time after tracer 
injection 


No. of 
patients 


Time after tracer 
injection 


No. of 
patients 




24 h 


48 h 




24 h 


48 h 




None 


100 


78 (8) 


12 


100 


86 (25) 


14 


Drug 


100 


125 (20) 


7 


100 


54(18) 


7 






P<0.0001 






P=0.008 
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All patients had systemic AL amyloidosis and received a standard intravenous tracer dose 
of '^^I-SAP at time zero. After whole body quantitative scintigraphic imaging at 24 h, 
uptake in liver and spleen were taken as 100% for each individual. Intravenous infusion of 
the drug (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic 
acid was then started and scintigraphy with organ counting was repeated at 48 h. The 
controls received no treatment. Significance of differences between the two groups was 
sought by t-test. 

It has previously been demonstrated in mice that the liver, and specifically the hepatocyte, 
is the only significant site of clearance and catabolism of both mouse and human SAP 
in vivo (16). Furthermore, asialo-human SAP is instantly cleared by the liver in man, via 
the hepatocyte asialoglycoprotein receptor, and this process has been imaged using 
'^^I-asialo SAP (17). (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine- 
2-carboxylic acid evidently triggers similarly rapid hepatic uptake of SAP in vivo, leading 
to virtually total depletion of circulating SAP. This promotes redistribution of SAP from 
the tissues to the plasma and supplements the effect of (R)-l-[6-(R)-2-Carboxy-pyrro]idin- 
l-yl]-6-oxo-hexanoyl]pyrroIidine-2-carboxylic acid as a competitive inhibitor of SAP 
binding to amyloid fibrils, thereby leading to highly efficient removal of SAP from amyloid 
deposits. 

The potency of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoy]]pyrrolidine-2- 
carboxylic acid in depleting circulating SAP was remarkable, with SAP values falling when 
the concentration ratio of drug to SAP pentamer in the plasma approached equimolar 
(Fig. 7). In vitro gel filtration studies showed that even this very low concentration of drug 
is sufficient to generate some SAP dimers (Table 3), that is pairs of pentameric SAP 
molecules cross linked by (R)-l-[6-(R)-2-Carboxy-pyrrohdin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid molecules to form the decameric assembly seen in 
the crystal structure (Figs. 1, 2). This is evidently the species recognised as abnormal and 
promptly cleared by the liver. 
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Table 3. Molecular assembly of SAP in whole human serum in the presence of (R)-l- 
(6-(R)-2-Carboxy-pyrroIidin-l-yI]-6-oxo-hexanGyl]pyrroIidine-2-carboxylic acid 
in vitro 



Drug: protein 


Calcium 


Protein 


Elution 


Molecular assembly 


molar ratiq 


present 




volume (ml) 




No drug 




CRP 


12.0-12.5 


Pentamer 


No drug 


+ 


CRP 


12.0-12.5 


Pentamer 


I:b 


+ 


CRP 


12.0-12.5 


Pentamer 


10:1 


+ 


CRP 


12.0-12.5 


Pentamer 


100:1 


+ 


CRP 


12.0-12.5 


Pentamer 












No drug 




SAP 


10.5-11.5 


Decamer 


No drug 


+ 


SAP 


7.0-8.0 


High MW aggregates 


1:1 




SAP 


7.0-8.0 & 
10.0-10.5 


High MW aggregates 
Decamer 


10:1 


+ 


SAP 


7.0-8.0 & 
10.0-10.5 


High MW aggregates 
Decamer 


100:1 


+ 


SAP 


10.0-10.5 


Decamer 



Aliquots of a single pool of whole normal human serum, containing SAP and CRP, were 
mixed with (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2- 
carboxylic acid at the molar ratios shown, with respect to pentraxin protomer, and analysed 
by size exclusion chromatography precisely as described previously (14). The mixtures 
and the column eluants contained either no calcium ions or 2 mM calcium, and the 
concentrations of drug appropriate to maintain the molar ratios indicated above. SAP in 
whole serum is a stable soluble pentameric assembly of protomers, stabilised by the 
presence of the normal high concentration of serum albumin. However as SAP is separated 
from serum albumin during gel filtration with a calcium containing eluant, the SAP 
autoaggregates and elutes entirely as high molecular weight polymers in the void volume of 



18 

the column. This is because, in the absence of a specific ligand to which it can bind, 
isolated human SAP is insoluble in the presence of calcium (14). However in the absence 
of calcium, where no ligand binding or autoaggregation can occur, SAP forms stable 
decamers, providing an excellent marker for the elution volume of this molecular assembly 
(14). Human CRP is a stable pentamer either in the presence or absence of calcium and 
thus provides a robust marker for the elution position of that molecular form (14). Even at 
an equimolar concentration of the drug, some of the SAP was solubilised as stable 
drug-decamer complexes, and at 100 fold molar excess of drug, all the SAP was in this 
form. 

The potency of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2- 
carboxylic acid was confirmed by the observation that subcutaneous injection of just 
0.25 mg/kg/day, given in 1 2 hourly divided doses, had the same effect on plasma SAP 
(Fig. 8) as intravenous infusion of the drug. 

Conclusion 

(R)- 1 -[6-(R)-2-Carboxy-pyrrolidin- 1 -yI]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid 
specifically targets SAP in vivo, through the specific ligand binding capacity of SAP, but 
additionally, as a consequence of the drug's palindromic structure, according to the present 
invention, it causes aggregation of native pentameric SAP molecules into decameric drug 
SAP complexes that are then promptly cleared by the liver. This novel effect was not 
intended during development of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid as an inhibitor of SAP binding to amyloid fibrils, 
and was neither sought nor expected. It represents a well documented example of the 
present invention and it dramatically enhances the dissociation of SAP from amyloid 
deposits, which is the therapeutic objective in amyloidosis. Such targeted pharmacological 
depletion of a circulating plasma protein represents a novel, previously undescribed 
mechanism of drug action, with broad applicability to many different proteins and disease 
processes. 
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TRANSTHYRETIN 

Transthyretin (TTR), formerly known as prealbumin, is a normal plasma protein produced 
in the liver and also by the choroid plexus in the brain. It transports both thyroid hormone 
(thyroxine and tri-iodothyronine) and retinol binding protein (RBP) in the plasma. 
Although these are presumably important physiological functions, mice with targeted 
deletion of the TTR gene and complete absence of TTR grow and develop normally, are 
fertile and have no abnormal phenotype. This is probably because retinol (vitamin A) can 
be supplied adequately without the need for carriage of RBP by TTR, and because there is 
another plasma protein that specifically binds thyroid hormone, thyroxine binding globulin 
(TBG). Indeed TBG binds thyroxine with much greater affinity than TTR and is evidently 
more important in regulating hormonal availability and function. 

Normal wild type TTR is inherently amyloidogenic and at post mortem examination almost 
all individuals over the age of 80 years have microscopic deposits of TTR amyloid in the 
heart, blood vessel walls, choroid plexus or elsewhere. In some subjects the deposits are 
much more substantial and may cause clinical problems, a condition known as senile 
systemic amyloidosis. Importantly, there are over 60 mutations in the human TTR gene, 
encoding single amino acid substitutions in variant TTR proteins, that cause the very 
serious and generally fatal form of autosomal dominant hereditary systemic amyloidosis 
known as familial amyloid polyneuropathy. This condition is variably penetrant but when 
expressed it is invariably fatal with onset in early to middle adult life and inexorable 
progression of various combinations of peripheral and autonomic neuropathy, cardiac, 
renal, vascular and ocular involvement, leading to death within 5-15 years. There are 
thousands of affected kindreds throughout the world. The only effective treatment is liver 
transplantation, which replaces the source of the amyloidogenic variant plasma TTR with a 
source of normal wild type TTR, and over 1000 such operations have been performed 
world wide since the procedure was introduced in 1991 (18,19). Once the pathogenic 
variant TTR is replaced, deposition of amyloid is halted and the existing deposits regress 
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with clinical benefit, provided the patient's condition is not already too advanced. 
However liver transplantation is clearly a major and dangerous procedure, especially in 
these patients with multiple organ system damage by amyloid, and there is an insoluble 
shortage of donor organs. Furthermore, satisfactory outcomes have largely been confined 
to patients with the most common amyloidogenic TTR variant, Met30Val. It has lately 
become apparent that in patients with other amyloidogenic mutations of the TTR gene, liver 
transplantation does not halt progression of amyloid deposition, especially in the heart, and 
despite the presence only of wild type TTR in the plasma the outcome remains poor. There 
is thus a pressing need for new therapeutic approaches. 

One such approach is the use of drugs that are bound with high affinity by TTR, in order to 
stabilise the native fold of the TTR molecule and prevent the unfolding and subsequent 
refolding into the pathogenic amyloid cross-p structure that underlies amyloid 
fibrillogenesis. Low molecular weight molecules suitable for use as drugs of this type have 
been developed and effectively inhibit formation of amyloid fibrils by isolated TTR in vitro 
(20). Furthermore some of these compounds have been shown to be specifically bound 
with high affinity, not just by isolated TTR, but also by TTR within the environment of 
whole plasma (21). This is critically important because drugs in general are often bound by 
multiple plasma proteins, especially albumin which comprises 57% by weight of all plasma 
proteins. Also, in particular, drugs bound by TTR in the binding pocket that specifically 
recognises thyroid hormone, may be bound by TBG as well. 

According to the present invention, palindromic drugs that are bound by TTR in vivo, and 
can then cross link TTR molecules, aggregating them and thereby marking them for prompt 
clearance from the circulation, are suitable for use in depleting TTR and therefore treating 
and preventing TTR amyloidosis. The ligand head groups of such drugs may be 
compounds 9-1 1 in Purkey et al (21), as set out below. The linker joining them may be a 
series of methylene groups as used in the SAP depleting compound, (R)-l-[6-(R)-2- 
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Carboxy-pyrroIidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid, detailed above, or 
another aliphatic and/or aromatic chain of suitable length and other properties. 





F3C 

or 

F 




When these ligands are bound by TTR, the ring bearing the carboxylate sits deeply in the 
cavity within the TTR tetramer, and the ring bearing the halogen atoms is peripheral and 
exposed on the surface of the ligand-TTR complex. The attachment point for the correct 
bond or linker is preferably a point on the aromatic ring bearing the halogen or halogen- 
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containing substituents. A more preferred attachment point for the linker, forming 
compounds according to the present invention, is the ring carbon lying between the two 
ring carbons that have halogens attached, or a carbon of the ring distal to the carboxylate 
bearing ring in the middle example above. 

LYSOZYME 

Lysozyme is a glycanase enzyme (EC 3.2.1.17) widely distributed in animals, plants and 
lower organisms. It specifically cleaves the glycosidic bond between the C-1 of 
N-acetylmuramic acid and the C-4 of N-acetylglucosamine in bacterial peptidoglycan, and 
is thus a 1,4-p-N-acetylmuramidase. In man lysozyme is secreted in saliva, tears and other 
external secretions, is the major secreted product of macrophages and is also produced by 
hepatocytes and the Paneth cells of the intestine. The functions of lysozyme in man are not 
well understood, although by virtue of its capacity to digest the cell walls of susceptible 
bacteria it may contribute to host defence. It is also highly cationic and becomes tightly 
associated with anionic glycosaminglycans and is concentrated in cartilage. The first 
mutations to be discovered in the human lysozyme gene are associated with a form of 
hereditary systemic amyloidosis for which there is no effective treatment (22). The variant 
lysozyme molecules are amyloidogenic because the single residue substitutions they 
contain render them less stable than wild type lysozyme (23). They spontaneously unfold 
under physiological conditions, populating partly unfolded states that have a high 
propensity to refold and aggregate in the abnormal, pathogenic, amyloid cross-p fibrillar 
configuration (23). 

According to the present invention, palindromic drugs that are bound by lysozyme in vivo, 
and can then cross link lysozyme molecules, aggregating them and thereby marking them 
for prompt clearance from the circulation, are suitable for use in depleting lysozyme and 
therefore treating and preventing lysozyme amyloidosis. The ligand head groups of such 
drugs are stereochemically related to lysozyme substrates but are bound and not cleaved by 
the enzyme. For example, a disaccharide or oligosaccharide analogue containing at least 
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N-acetyl muramic acid linked via its CI atom to the C4 atom of N-acetyl glucosamine, with 
the O atom of the 1,4 p glycosidic linkage replaced by a carbon or other non-O atom, is 
bound by lysozyme but cannot be hydrolysed. Appropriate substituents, such as fluorine or 
nitrogen, on the critical C atom, that replaces the hydrolysable O atom of the glycosidic 
linkage, can enable important hydrogen bonding contributed by the replaced O atom to be 
retained. The linker joining the ligands may be a series of methylene groups as used in 
(R)- 1 -[6-(R)-2-Carboxy-pyrrolidin- 1 -yl] -6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid, or 
another aliphatic and/or aromatic chain of suitable length and other properties. The 
preferred attachment points for the linker are positions 2 (N-acetyl) or 6 (OH) on any of the 
pyranose rings, as these positions point to the exterior in the oligosaccharide-lysozyme 
complex. 

132-MICROGLOBULIN 

|32-microglobulin is a single chain protein of Mr 11,815 that is non-covalently associated 
with all class I MHC molecules on the surface of cells. It is produced at the rate of about 
200 mg per day in man and is cleared and catabolised exclusively in the kidney. Plasma 
levels of p2-niicroglobulin therefore rise in renal failure and neither haemodialysis nor 
peritoneal dialysis are effective in clearing P2-niicroglobulin. In patients with end stage 
renal failure on dialysis, the plasma concentration of P2-microglobulin reaches 50-70 mg/1, 
compared to the normal of about 2 mg/1, and after about 5-7 years of dialysis most such 
individuals suffer from deposition of p2 -microglobulin amyloid, especially around bones 
and joints. This leads to serious morbidity and mortality among the approximately 1 
million patients who are on long term dialysis world wide. The only effective treatment is 
renal transplantation, which provides the only possible route for efficient removal of 
P2-microglobulin, but transplantation is available only for a small minority of end stage 
renal failure patients. 

According to the present invention, palindromic drugs that are bound by Pa-microglobulin 
in vivo, and can then cross link P2-microglobulin molecules, aggregating them and thereby 



24 



marking them for prompt clearance from the circulation, are suitable for use in depleting 
P2-microglobulin and therefore treating and preventing P2-microglobulin amyloidosis. 
Specific ligands for P2-microglobulin, bound with reasonable affinity, can be identified by 
high throughput screening of chemical libraries. P2-microglobulin shares substantial 
sequence homology and its tertiary fold with immunoglobulin light chains, and its crystal 
structure is known at atomic resolution, enabling and greatly facilitating rational molecular 
design. 

AMYLOID FIBRIL PRECURSOR PROTEINS IN GENERAL 

It is well established that in all forms of amyloidosis in which it is possible to eliminate the 
supply of amyloid fibril precursor proteins, deposhion of new amyloid ceases and existing 
deposits either stabilise or regress leading to clinical benefit. This has been detailed in the 
examples above but it applies to all types of amyloidosis, including those associated with 
Alzheimer's disease, the transmissible spongiform encephalopathies including bovine 
spongiform encephalopathy and variant Creutzfeldt- Jakob disease, and type 2, maturity 
onset diabetes mellitus. 

Drugs according the present invention, specific for each particular amyloid fibril precursor 
protein, are applicable to all these and other amyloid related diseases. Furthermore, 
heterobifunctional drugs according to the present invention, in which one species of Ugand 
head is bound specifically by SAP and the other by the target amyJoidogenic protein, are 
especially advantageous. They promote efficient removal of the target protein itself, they 
do so with enhanced efficiency by engaging the powerful clearance mechanism that 
operates on aggregated SAP, and they also simultaneously eliminate SAP itself Since SAP 
contributes to the pathogenesis of all types of amyloidosis, the simultaneous removal of 
both the amyloidogenic fibril proteins and the SAP has synergistic therapeutic benefit. 
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AUTOANTIBODIES 

The acquired immune system of the body has the capacity to make highly specific, high 
affinity, antibodies against essentially any molecule. Molecules that induce antibody 
formation are called antigens, and the submolecular region that is actually recognised and 
bound by an antibody is called an epitope. Normally antibodies are formed predominantly 
in response to foreign antigens from outside the body and are of central importance in host 
defence against microbial and parasitic infection. Apart from low grade responses that 
contribute to clearance of damaged autologous constituents, and other responses that are 
involved in immune regulation, the immune system is tolerant towards the body's own 
molecules and does not produce autoantibodies against them. However in autoimmune 
diseases, tolerance is broken and aberrant autoantibodies are produced that bind to self 
constituents and lead to inflammation, cell death, and tissue damage. There are many 
different forms of autoimmune disease, depending on the precise specificity of the 
autoantibodies and whether they are directed against organ or tissue specific autoantigens, 
or are non-organ specific. However in most autoimmune diseases the specificity of the 
pathogenic autoantibodies and the identities of the autoantigens and many of their key 
epitopes are known. 

According to the present invention, palindromic drugs that are bound specifically by 
particular pathogenic autoanfibodies in vivo, and can then cross link them, producing 
aggregation leading to prompt clearance from the circulation, are suitable for use in 
depleting these autoantibodies and therefore treating autoimmune diseases. 

Examples of pathogenic autoantibodies and the diseases they cause, that are suitable for 
treatment according to the present invention include: anti-DNA antibodies in systemic 
lupus erythematosus (SLE) and related collagen diseases, anti-immunoglobulin antibodies 
(rheumatoid factors) in rheumatoid arthritis and related idiopathic arthritides, 
anti-phospholipid antibodies in SLE and related collagen diseases, all the organ specific 
autoantibodies in all the organ specific autoimmune diseases including those that affect the 
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endocrine organs, the liver, gut, skin, muscle, central and peripheral nervous systems, eyes, 
ears, heart, blood vessels, lungs and other viscera, and all the autoimmune diseases 
affecting the red cells, white cells and platelets of the blood and their precursors in the bone 
marrow. In these and all the other autoimmune diseases, the present invention provides for 
creation of palindromic drug molecules comprising the relevant specific epitope or epitopes 
as the ligand head groups, joined by a linker structure. 
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CLAIMS: 

1 . Agent for the depletion of an unwanted protein population from the plasma of a 
subject, which agent comprises a plurality of ligands covalently co-linked so as to form a 
complex with a plurality of the proteins in the presence thereof, wherein at least two of the 
ligands are the same or different and are capable of being bound by iigand binding sites 
present on the proteins, wherein the agent is a non-proteinaceous agent other than a D- 
proline of the formula 




the group ; 

R' is hydrogen or halogen; 

X is- (CH2)n-; -CH(R^)(CH2)n-; -CH20(CH2)n-; -CH2NH-; 

benzyl, -C(R^)=CH-; -CH2CH(0H)-; or thiazol-2,5-diyl; 
Y is -S-S-; -(CH2)n-; -0-; -NH-; -N(R^)-; -CH=CH-; - 

NHC(0)NH-;- 

N(R')C(0)N(R')-; -N[CH2C6H3(OCH3)2]-; -NCCHsCeHs)-; 
-N(CH2C6H5)C(0)N(CH2C6H5)-;-N(alkoxyalkyl)-; 
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N(cycloalkyl-methyl)-; 2,6-pyridyl; 2,5-fliranyl; 2,5-thienyl; 1,2-cyclohexyl; 1,3- 
cyclohexyl; 1,4- 

cyclohexyl; 1,2-naphthyl; 1,4-naphthyl; 1,5-naphthyl; 1,6-naphthyl; 

biphenylen; or l,2-phenylen,l,3-phenylen and 1 ,4-phenylen, wherein the phenylen 

groups are optionally substituted by 1 - 4 substituents, selected from halogen, lower 

alkyl, lower alkoxy, hydroxy, carboxy, -COO-lower alkyi, nitrilo, 5-tetrazol, (2- 

carboxylic acid pyrrolidin-l-yl)-2-oxo-ethoxy, N- 

hydroxycarbamimidoyl, 5-oxo[l,2,4]oxadiazolyI, 2-oxo- 

[l,2,3,5]oxathiadiazolyl, 5-thioxo[l,2,4]oxadiazolyl and 5-tert-butylsulfanyl- 

[l,2,4]oxadiazolyl; 
X' is -(CH2)n-; -(CH2)nCH(R^)-; -(CH2)nOCH2S -NHCH2-; 

benzyl, -CH=C(R^)-; -CH(0H)CH2; or thiazol-2,5-diyl; 

is lower alkyl, lower alkoxy or benzyl and 
n is 0-3, 

or a pharmaceutically acceptable salt or mono- or diester thereof. 

2. Agent according to claim 1, wherein the ligands are covalently co-linked by a 
linker. 

3. Agent according to claim 2, wherein the linker comprises a linear or branched 
hydrocarbylene in which one or more of the carbon atoms thereof is optionally substituted 
by a heteroatom. 

4. Agent according to any preceding claim, which has two ligands. 

5. Agent according to claim 4, which has the general structure: 

Ligand - linker - Ligand 
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6. Agent according to any preceding claim, wherein each ligand is selected to be 
specific for an individual target protein, and to be bound by the protein with a dissociation 
constant which is no more than 1 millimolar. 

7. Agent according to any preceding claim, wherein the ligand binding site is from a 
normal or abnormal, variant, protein of any of the following types: cytokine, lipoprotein, 
autoantibody, acute phase protein, amyloidogenic protein, complement protein, or 
coagulation protein. 

8. Agent according to claim 7, wherein the ligand binding site is from an acute phase 
protein comprising SAA. 

9. Agent according to claim 7, wherein the ligand binding site is from serum amyloid 
P component (SAP). 

10. Agent according to claim 8, wherein the ligand binding site is from an 
amyloidogenic protein comprising a monoclonal immunoglobulin light chain, transthyretin, 
Pi-microglobulin or lysozyme. 

1 1. Agent according to claim 10, wherein the ligand binding site is from transthyretin 
and at least one of the ligands comprises 




CI 
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or 

F 




12. Agent according to claim 10, wherein the ligand binding site is from lysozyme and 
at least one of the ligands comprises a disaccharide or oligosaccharide analogue containing 
at least N-acetyl muramic acid linked via its CI atom to the C4 atom of, for example, 
N-acetyl glucosamine, with the O atom of the 1 ,4 p glycosidic linkage replaced by a carbon 
or other non-O atom. 

13. Agent according to claim 7, wherein the ligand binding site is fi-om an autoantibody 
and at least one of the ligands comprises an epitope to which the autoantibody is specific. 

14. Agent according to any preceding claim wherein each ligand is capable of binding 
to the same ligand binding site. 

15. Agent according to any one of claims 1 to 13, wherein at least two ligands are 
different from one another and are capable of being bound by different proteins. 
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16. Agent according to claim 15, wherein one of the ligands is capable of being bound 
by SAP. 

1 7. Agent according to any preceding claim, for use as a medicament. 

18 Use of a non-proteinaceous agent for the preparation of a composition for the 
depletion of an unwanted protein population from the plasma of a subject, which agent 
comprises a plurality of ligands covalently co-linked so as to form a complex with a 
plurality of the proteins in the presence thereof, wherein at least two of the ligands are the 
same or different and are capable of being bound by ligand binding sites present on the 
proteins. 

1 9. Use according to claim 1 8, wherein the agent is a D-proline of the formula 




the group ; 

R' is hydrogen or halogen; 

X is- (CH2)n-; -CH(R')(CH2)n-; -CH20(CH2)nS -CH2NH-; 
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benzyl, -C(R^)=CH-; -CH2CH(0H)-; or thiazol-2,5-diyl; 
y is -S-S-; -(CH2)n-; -0-; -NH-; -N(r2)-; -CH=CH-; - 
NHC(0)NH-;- 

N(R')C(0)N(R')s -N[CH2C6H3(0CH3)2]-; -NCCHzCgHs)-; 
-N(CH2C6H5)C(0)N(CH2C6H5)-;-N(alkoxyalkyl)-; 

N(cycloalkyl-methyl)-; 2,6-pyridyl; 2,5-furanyl; 2,5-thienyl; 1,2-cyclohexyl; 1,3- 
cyclohexyl; 1,4- 

cyclohexyl; 1,2-naphthyl; 1,4-naphthyl; 1,5-naphthyl; 1,6-naphthyl; 

biphenylen; or l,2-phenylen,l,3-phenylen and 1 ,4-phenylen, wherein the phenylen 

groups are optionally substituted by 1 - 4 substituents, selected from halogen, lower 

alkyl, lower alkoxy, hydroxy, carboxy, -COO-lower alkyl, nitrilo, 5-tetrazol, (2- 

carboxylic acid pyrrolidin-l-yl)-2-oxo-ethoxy, N- 

hydroxycarbamimidoyl, 5-oxo[l,2,4]oxadiazolyl, 2-oxo- 

[l,2,3,5]oxathiadiazolyl, 5-thioxo[l,2,4]oxadiazolyl and 5-tert-butylsulfanyl- 

[l,2,4]oxadiazolyl; 
X' is -(CH2)n-; -(CH2)nCH(R^)-; -(CH2)nOCH2-; -NHCH2-; 

benzyl, -CH=C(R^)-; -CH(0H)CH2; or thiazol-2,5-diyl; 
R^ is lower alkyl, lower alkoxy or benzyl and 
n is 0-3, 

or a pharmaceutically acceptable salt or mono- or diester thereof. 

20. Use according to claim 19, wherein the D-proline is (R)-l-[6-(R)-2-Carboxy- 
pyrrolidin-l-yl]-6-oxo-hexanoyl] pyrrol idine-2-carboxylic acid or a pharmaceutically 
acceptable salt or mono- or diester thereof 

21. Use according to claim 18, wherein the agent is as claimed in any one of claims 1 to 
17. 
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Figure 1. Three dimensional X-ray crystal structure of SAP complexed with (R)-l- 
(6-(R)-2-Carboxy-pyrrolidin-l-yI]-6-oxo-hexanoyI]pyrrolidine-2-carboxyIic acid. 

Side view showing two pentameric disc-like SAP molecules (9,10) edge on, cross linked by five (R)-l-[6- 
(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid molecules, the terminal 
D-proline residues of each lying in the calcium-dependent ligand binding pocket of the apposed protomers. 
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Fig. 2A 



Figure 2. Three dimensional X-ray crystal structure of SAP complexed with (R)-l- 
[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyI]pyrroIidine-2-carboxylic acid. 

Detailed views showing two different representations of the ligand binding residues in the 
calcium-dependent ligand binding pockets of two apposed protomers of different SAP molecules, and the 
electron density and/or the molecular structure of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid lying between them. 
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Figures. Effects of (R)-l-|6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyll pyrroIidine-2-carboxylic acid on SAP in mice 

in vivo. Upper panel: groups of 10 age, sex and weight matched mice with experimentally induced reactive systemic AA amyloidosis 
were given a single loading dose of '^'l-labelled human SAP on day -I, and received implanted osmotic minipumps delivering the 
doses shown of (R>l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid (designated on the figures as 
"desapin" for convenience). Clearance from the amyloid deposits, catabolism and excretion of the human SAP tracer were monitored 
globally by whole body counting of the mice (left), and the total amount of mouse SAP in the amyloidotic organs was determined 
after killing the animals on day 5 (right). Middle panel, left: 4 groups each of 10 age, sex and weight matched mice with 
experimentally induced reactive systemic AA amyloidosis received an intravenous injection of '"l-tabelled pure human or mouse SAP 
at time zero and were then bled after 1 5 minutes and at the other times shown. Immed lately after the 1 5 minute bleed, two groups, one 
that had received human SAP and the other mouse SAP, received a single intraperitoneal injection of 5 mg of (R)- 1 -[6-(R>2-Carboxy- 
pyrrolidin- 1 -yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid (desapin). Tracer remaining in the circulation is expressed as the mean 
(SD) percentage of the amount at the 1 5 minute time point for each group. Middle panel, right: groups each of 1 0 age, sex and weight 
matched mice with experimentally induced reactive systemic AA amyloidosis received an intravenous injection of '"l-labelled pure 
human or mouse SAP at time zero and were then bled after 15 minutes and at the other times shown. In one of each of the pairs of 
groups receiving mouse or human SAP respectively, the tracer had been mixed with (R)-l-[6-(R>2-Carboxy-pyrrolidin-l-yI]-6-oxo- 
hexanoyl]pyrrolidine-2-carboxylic acid (desapin) and incubated in vitro before injection into the animals. Tracer remaining in the 
circulation is expressed as mean (SD) total radioactivity per gram of blood in each group. Bottom panel: effect of administration of 
(R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid (desapin) in the drinking water at the 
concentrations shown, on circulating human SAP values in human SAP transgenic mice. Mice of approximately 20 g body weight 
consume about 3 mi water per day. 
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Figure 4 Effect of intravenous infusion of (R)-l-I6-(R)-2-Carboxy-pyrrolidin-l-yl]- 
6-oxo-hexanoyl]pyrrolidine-2-carboxyIic acid on plasma SAP values in patients with 
systemic amyloidosis. Patients with different forms of systemic amyloidosis, and with varying 
amyloid loads received the doses of the drug shown for a period of 48 h. . Circulating SAP values were 
measured by electroimmunoassay (24) in samples taken during and after the infusion, at the times shown. 
Each line represents a different individual patient. 
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Figure 5. Whole body ^"l-SAP scintigraphy before and 6 h after starting infusion of 
(R)-l-[6-(R)-2-Carboxy-pyrroUdin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic 
acid. This patient, with a modest load of AL amyloid in the spleen and kidneys, had notable blood pool 
background of tracer in the heart and circulation before administration of the drug. At 6 h the blood pool 
background is completely absent and the liver, which is the only site of catabolism of SAP in vivo (16,17), 
has taken up the tracer whilst the intensity of SAP signal from the amyloidotic spleen and kidneys is 
significantly reduced (organ counts not shown). 
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Figure 6. Whole body '"l-SAP scintigraphy before and 24 h and 48 h after starting 
infusion of (R)-l-[6-(R)-2-Carboxy-pyrroiidin-l-yl]-6-oxo-hexanoyI]pyrroIidine-2- 
carboxylic acid. This patient, with modest load of AL amyloid in the spleen and kidneys, had notable 
blood pool background of tracer in the heart and circulation before administration of the drug. At 24 h and 
48 h the blood pool background is completely absent and the liver, which is the only site of catabohsm of 
SAP in vivo (16,17), has taken up the tracer and catabolic products are bemg excreted m the unne, as 
shown by the bladder signal. The intensity of SAP signal from the amyloidotic spleen and kidneys is 
significantly reduced: at 24 h spleen counts are 85% of time 0, kidneys 77%; at 48 h, spleen 54%, kidneys 




Figure 7. Plasma concentration of (R)-l-[6-(R)-2-Carboxy-pyrroIidin-l-yI]-6-oxo- 
hexanoyl]pyrroiidine-2-carboxylic acid and of SAP during 48 h infusion. 

Two individual patients with systemic amyloidosis and moderate amyloid loads received (R)-l-[6-(R)-2- 
Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid (desapin) by intravenous infusion 
at the steady rates shown. Circulating SAP concentrations started to fall almost immediately and had 
halved when the concentrations of drug and SAP protomer were equimolar. 
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Figures. Effect of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo- 

hexanoyI]pyrrolidine-2-carboxylic acid administration by subcutaneous injection on 
circulating SAP vales and visceral organ retention of '^^I-SAP tracer. 

The doses of (R)-l-[6-(R)-2-Carboxy-pyrrolidin-l-yl]-6-oxo-hexanoyI]pyrrolidine-2-carboxylic acid 
(desapin) shown were given by 12 hourly subcutaneous injections to two individual patients with systemic 
amyloidosis, and with small and moderate amyloid loads respectively. The disappearance of circulating 
SAP was effectively the same as during intravenous infusion of the drug, and in the patient illustrated in the 
right panel, who had received a tracer dose of '^^I-SAP, there was accumulation of SAP in the liver and 
accelerated clearance from the spleen. 



